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ABSTRACT

The neural cell adhesion molecule L1 (CD171) is a multidomain type 1 membrane 
glycoprotein of the immunoglobulin superfamily important in the nervous system 
development, kidney morphogenesis, and maintenance of the immune system. 
Recent studies reported CD171 expression being associated with adverse clinical 
outcome in different types of cancer and there has been a growing interest in 
targeting this cell membrane molecule on neoplastic cells by chimeric antigen receptor 
redirected T lymphocytes or specific antibodies. Nevertheless, conflicting results 
regarding the prognostic value of CD171 expression in renal cell carcinomas and 
gastrointestinal stromal tumors were published. In this study, CD171 expression 
was immunohistochemically analyzed in 5155 epithelial, mesenchymal, melanocytic, 
and lymphohematopoietic tumors to assess its utility in diagnostic pathology and to 
pinpoint potential targets for CD171-targeting therapy. A newly developed anti-CD171 
rabbit monoclonal antibody, clone 014, was selected from the panel of commercially 
available CD171 antibodies. Immunohistochemistry was performed using Leica 
Bond Max automation and multitumor blocks containing up to 60 tumor samples. 
CD171 was constitutively and strongly expressed in neuroectodermal tumors such 
as schwannoma, neuroblastoma, and paraganglioma, whereas other mesenchymal 
tumors including schwannoma mimics showed only rarely CD171 positivity. Frequent 
CD171-expression was also detected in ovarian serous carcinoma, malignant 
mesothelioma, and testicular embryonal carcinoma. CD171 immunohistochemistry 
may have some role in immunophenotypic differential diagnosis of neurogenic tumors 
and pinpointing potential candidates for anti-CD171 therapy. Though, because of 
its rare expression and lack of predictive value, CD171 is neither a diagnostic nor 
prognostic marker for gastrointestinal stromal tumors.

INTRODUCTION

The neural cell adhesion molecule L1 (CD171, 
NCAM-L1, L1CAM) was first identified in the central 
nervous system (CNS) of the mouse. [1] CD171 is a 
multidomain type 1 transmembrane glycoprotein of the 
immunoglobulin superfamily composed of six Ig-like 
domains, five fibronectin type III repeats, transmembrane 

region, and a highly conserved cytoplasmic tail. [2] CD171 
is the member of the L1-family of closely related neural 
cell adhesion molecules (CAMs). [3] CD171 can bind to 
itself (homophilic) or heterophilically to other molecules 
including integrins, CD24, neurocan, neuropilin-1, and 
other members of the L1 family for signal transduction. [4, 
5] The cytoplasmic tail of CD171 can interact with other 
cytoplasmic proteins such as ankyrin, actin, spectrin, and 
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ezrin-radixin-moesin (ERM) proteins. [6] It is also reported 
that CD171 is enzymatically cleaved by a disintegrin and 
metalloproteinase (ADAM) and extra cellular domains 
were detectable as a soluble form in the blood. [7–9]

CD171 plays an important role in neural 
development for myelination, fasciculation, axon 
guidance, and migration of granule cells in cerebellar 
cortex. [10–12] Consistent with an important role of 
CD171 in CNS development, CD171 mutations lead 
to variable abnormalities including mental retardation 
and anomaly of CNS, referred to as CRASH (corpus 
callosum hypoplasia, retardation, adducted thumbs, spastic 
paraplegia and hydrocephalus) syndrome. [5, 13] Outside 
the nervous system, CD171 appears to be important for 
kidney morphogenesis [14] and interactions between 
leukocytes and endothelial cells. [15]

Recently, several studies showed that overexpression 
of CD171 in ovarian, endometrial, colorectal and non-
small cell lung carcinomas correlates with worse clinical 
outcome. [16–19] In addition, there has been growing 
interest in targeting this cell membrane molecule on 
neoplastic cells by chimeric antigen receptor redirected 
T lymphocytes or specific antibodies. [20–25] However, 
immunohistochemical data on CD171 expression in germ 
cell, rare gastrointesitinal and peripheral mesenchymal 
tumors as well as lymphohematopoietic tumors remains 
incomplete. Moreover, conflicting data regarding CD171 
expression and its prognostic value were reported in renal 
cell cancers (RCCs) [26–28] and gastrointestinal stromal 
tumors (GISTs). [9, 29, 30]

The aim of this study was to evaluate potential 
utility of CD171 immunohistochemistry in diagnostic 
pathology and to identify additional tumor types for future 
CD171-targeting therapy.

RESULTS

Comparison of three different CD171 antibodies 
in normal and selected tumor tissues

In normal tissues, all 3 antibodies showed limited 
CD171 immunoreactivity in peripheral nerves, brain 
tissue, vascular endothelial cells, dendritic reticulum cells, 
and renal collecting ducts (Supplementary Figure 1A-1F). 
Organs such as adrenocortical glands, liver, pancreas, 
placenta and thyroid glands were negative except for 
the peripheral nervous tissue and endothelial cells. 
Normal squamous, glandular, and parenchymal epithelia 
of lung, gastrointestinal-, and genitourinary-tracts, and 
lymphoid cells and histiocytes were also negative. Mouse 
monoclonal antibodies L1-14.10 and UJ127.11 showed 
higher background signals in smooth muscle layer of the 
gastrointestinal-tract and thyroid glands (Supplementary 
Figure 1A-1C and 1G-1I).

Analysis of 240 tumor tissues including clear renal 
cell carcinoma, schwannoma, gastric conventional GIST, 
pancreatic neuroendocrine tumor, and paraganglioma, 
showed comparable staining results with rabbit 014 and 
mouse L1-14.10 monoclonal antibodies, while UJ127.11 
mouse monoclonal antibody revealed the lowest positivity 
especially in neuroendocrine tumors. However, 3 clear 
cell renal cell carcinomas, a schwannoma, and a gastric 
GIST displayed stronger staining with rabbit 014 than with 
mouse L1-14.10 clone. Also, rabbit monoclonal antibody 
had the best sensitivity and lack background signal 
generated by both, L1-14.10 and UJ127.11 antibodies. 
Sporadically, clone L1-14.10 revealed slightly stronger 
signal in the normal peripheral nerve bundles contained 
in neoplastic tissue sample. All these observations are 
comparable results illustrated in supplementary data 
(Figure 2A-2I and Supplementary Table 1). Based on the 
results of this preliminary study, clone 014 was identified 
to be the most appropriate antibody for tumor CD171 
immunohistochemistry.

Neurogenic, neuroendocrine and melanocytic 
tumors

The results of CD171 immunostaining of 
neurogenic, neuroendocrine and melanocytic tumors 
have been summarized in Table 1. Peripheral and 
gastrointestinal schwannomas (Figure 1A) showed 
equally strong positivity in the neoplastic cell populations 
in nearly all cases. Neurofibromas contained varying 
numbers of positive Schwann cells in 74% of cases. 
However, malignant peripheral nerve sheath tumor 
(MPNST) showed rarer and weaker CD171 expression 
(32%, Figure 1B).

Neuroblastoma and paraganglioma (adrenal and 
extra-adrenal) were nearly uniformly positive showing 
strong cytoplasmic and membranous labeling (Figure 1C 
and 1D).

Neuroendocrine tumors such as merkel cell 
carcinoma (Figure 1E), small cell carcinoma of lung 
(Figure 1F), and pancreatic neuroendocrine tumors 
showed CD171-positivity in 82-85% of cases, generally 
in a majority of tumor cells.

Cutaneous melanoma (65%), primary (67%) and 
metastatic (58%) melanomas of gastrointestinal-tract were 
more often positive than primary sinonasal melanomas 
(31%) or melanomas of vulva and vagina (30%, Table 1).

Mesenchymal tumors

CD171 expressions in mesenchymal tumors have 
been summarized in Table 2. Of non-gastrointestinal 
mesenchymal tumors, alveolar rhabdomyosarcoma 
(50%, Figure 2A), nephroblastoma (38%, Figure 2B), 
angiosarcoma (36%), desmoplastic small round cell 



Oncotarget55278www.impactjournals.com/oncotarget

tumors (29%), alveolar soft part sarcoma (18%), PEComa 
(17%), and embryonal rhabdomyosarcoma (15%), showed 
CD171 positivity in >10% of cases. In nephroblastoma, 
the expression was limited to membranes of epithelia 
differentiating into metanephric tubules and blastema was 
negative (Figure 2B). Potential schwannoma mimics such 
as benign fibrous histiocytoma, perineurioma, and solitary 
fibrous tumors were all negative for CD171.

Gastrointestinal stromal tumors of various sites 
only rarely contained CD171-positive tumor cells (1.5%, 
Figure 2C and Table 2). Slightly higher frequency of 
positivity was detected in succinate dehydrogenase 
(SDH)-deficient gastric GISTs (6%, Figure 2D). The 
majority of positive GISTs showed only weak staining, 
and moderate labeling was detected in 3 and strong in 
2 cases (Table 3). Although 6 of gastric GISTs could be 
characterized as high-risk tumors, most patients (11/13) 
were either alive without disease at follow-up or died 
of other causes (Table 3). No significant prognostic 
difference was detected between CD171-positive and 
-negative GIST patients (Supplementary Figure 3). Type 
and frequency of KIT and PDGFRA mutations in CD171-
positive GISTs mirrored the one seen in randomly selected 
cohorts of GIST (Table 3). We would like to note that two 

other mouse monoclonal antibodies, those often used in 
previous studies, yielded similar negative results in a sub 
cohort of 57 GISTs studied with all 3 antibodies, however, 
internal positive control (peripheral nerves) were detected 
in most cases (Supplementary Table 1 and representative 
photos in Supplementary Figure 2G-2I).

Also, some CD171 positivity was observed in 
plexiform fibromyxomas (33%), leiomyosarcomas 
(17%) and non-GIST sarcomas (21%, most commonly 
dedifferentiated liposarcomas). Other gastrointestinal 
mesenchymal tumors including clear cell sarcoma were 
negative with a few exceptions.

Epithelial neoplasms

CD171 expressions of epithelial tumors have been 
summarized in Table 4. High frequencies of CD171-
positivity were also detected in ovary serous carcinoma 
(87%, median value of positive cells 60%, Figure 3A), 
malignant mesothelioma (70%, Figure 3B), and testicular 
embryonal carcinoma (60%).

In gastrointestinal adenocarcinomas, colorectal 
and gastric adenocarcinomas showed 56% and 32% 
of positivity for CD171, respectively. 11% (23/210) of 

Table 1: CD171 Expression in 749 Neurogenic and Melanocytic Tumors

Tumor Type Positive / All (%)

Non-GI-tract tumors

 Schwannoma 74 / 74 100.0

 Neuroblastoma 29 / 29 100.0

 Paraganglioma 65 / 67 97.0

 Merkel cell carcinoma 23 / 27 85.2

 Pancreas, neuroendocrine tumor 35 / 42 83.3

 Lung, small cell carcinoma 32 / 39 82.1

 Olfactory neuroblastoma 6 / 8 75.0

 Neurofibroma 28 / 38 73.7

 Skin, malignant melanoma 57 / 88 64.8

 Brain, glioblastoma 26 / 44 59.1

 Malignant peripheral nerve sheath tumor 18 / 57 31.6

 Nasal Cavity, malignant melanoma 20 / 65 30.8

 Vulva and vagina, malignant melanoma 8 / 27 29.6

GI-tract tumors

 Schwannoma, GI-tract 36 / 38 94.7

 Primary malignant melanoma, GI-tract 28 / 42 66.7

 Metastatic malignant melanoma, GI-tract 37 / 64 57.8

GI: gastrointestinal.
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Figure 1: CD171 expression in neural, neuroectodermal and neuroendocrine tumors. A. Schwannoma showed diffuse and 
strong CD171 expression. B. Malignant peripheral nerve sheath tumor showed weak CD171 expression. C and D. Blastema component 
of neuroblastoma (C) and paraganglioma (D) diffusely expressed CD171. E and F. Merkel cell carcinoma (E) and small cell carcinoma of 
lung (F) also showed CD171 expression.

colorectal adenocarcinomas showed mismatch repair 
(MMR)-deficient phenotypes. Significantly negative 
correlation was detected between MMR-deficiency and 
CD171-expression in colorectal adenocarcinomas (Figure 
3C and 3D, and Table 5). On the other hand, 5% (5/92) and 
10% (10/100) of gastric adenocarcinomas showed MMR-
deficiency and EBER-positivity, respectively. Though, no 
significant correlations were detected between CD171-
expression and MMR-deficiency or EBER-positivity 
(Supplementary Table 2).

In oral cavity squamous carcinomas, those arisen 
in gingiva and tongue showed almost same CD171 
positivity (46% and 47%, respectively), while those in 
tonsil showed much lower positivity (12%). The formers 
showed no statistical correlation between CD171- and 
p16-expression, whereas the latter showed significantly 
adverse correlation (Table 6).

In breast cancer, subpopulations of ductal 
carcinomas showed weak to moderate CD171 
expression (20%, median value of positive cells 40%). 
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Table 2: CD171 Expression in 1872 Mesenchymal Tumors

Tumor Type Positive / All (%)

Non-GI-tract tumors

 Alveolar rhabdomyosarcoma 21 / 42 50.0

 Nephroblastoma 9 / 24 37.5

 Angiosarcoma 35 / 97 36.1

 Desmoplastic small round cell tumor 4 / 14 28.6

 Alveolar soft part sarcoma 2 / 11 18.2

 PEComa 14 / 85 16.5

 Embryonal rhabdomyosarcoma 8 / 55 14.5

 Synovial sarcoma 3 / 34 8.8

 Chordoma 2 / 39 5.1

 Benign fibrous histiocytoma 0 / 94 0.0

 Kaposi's sarcoma 0 / 35 0.0

 Perineurioma 0 / 8 0.0

 Solitary fibrous tumor 0 / 28 0.0

GI-tract tumors

 GIST (total) 20 / 1300 1.5

  Esophagus 0 / 13 0.0

  Stomach (subtotal) 15 / 804 1.9

   Conventional GIST 12 / 750 1.6

   SDH-defficient GIST 3 / 54 5.6

  Duodenum 1 / 53 1.9

  Small intestine 0 / 280 0.0

  Colorectum 4 / 150 2.7

 Fibromyxoma, stomach 2 / 6 33.3

 Sarcomas, GI-tract 10 / 48 20.8

 Leiomyosarcoma, GI-tract 5 / 29 17.2

 Leiomyoma, GI-tract 3 / 45 6.7

 Inflammatory fibroid polyp, small intestine 1 / 20 5.0

 Clear cell sarcoma, GI-tract 0 / 6 0.0

 Glomus tumor, GI-tract 0 / 11 0.0

 Inflammatory myofibroblastic tumor, stomach 0 / 6 0.0

GI: gastrointestinal.
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Two diffusely CD171-positive ductal carcinomas were 
triple-negative breast cancers (Figure 4A-4D). However,  
no CD171 expression was observed in lobular 
carcinoma.

In uterine endometrioid adenocarcinoma, 32 of 97 
(33%) showed CD171 positivity in median 80% of tumor 
cells. As with breast cancer, we performed additional 
immunohistochemical staining for estrogen receptor (ER) 
and progesterone receptor (PgR), and this revealed 10 
out of 32 cases showed partial or complete loss of the ER 
expression without PgR expression.

Hematopoietic and lymphoid tumors

CD171 expression in lymphohematopoietic tumors 
has been summarized in Table 7. A minor population of 
diffuse large B-cell lymphoma (DLBCL, 7%), anaplastic 
large cell lymphoma (ALCL, 7%), and classical 
Hodgkin’s lymphoma (4%) showed CD171 expression. 
In DLBCL and classical Hodgkin’s lymphoma, no 
statistical correlation was detected between CD171- 

and EBER-expression (Supplementary Tables 3 and 
4). There was also no statistical correlation between 
CD171- and ALK-expression in ALCLs (Supplementary 
Table 5).

DISCUSSION

CD171 was first identified in the CNS of the mouse 
as a neural cell adhesion molecule. [1] Studies indicated 
the importance of CD171 for normal development and 
maintenance of the nervous [10–12] and kidney tissue [14] 
as well as the immune system. [15] Subsequently, several 
reports showed CD171 overexpression lead to worse 
prognosis in various tumors [16–19] and there has been 
a growing interest in the treatment of CD171-expressing 
tumors by targeting this cell membrane molecule. [20–
25] However, in several tumors, CD171 expression and 
correlation with prognosis remained controversial. [9, 
26–30]

Figure 2: CD171 expression in mesenchymal tumors. A. Alveolar rhabdomyosarcoma expressed CD171. B. Nephroblastoma 
showed membranous CD171 expression in epithelial components. C. Almost all GISTs were negative for CD171. Note that peripheral 
nerve bundles beside GIST tumor foci were positive for CD171. D. SDH-deficient GIST showed weak CD171 expression.
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Table 3: Clinical Data of CD171 Positive GIST Cases

Age Sex Primary  
Site

CD171 Expression Genetic Tumor Size Mitosis Risk Follow-up Data

Positivity (%) Intensity Profile (cm) (/50HPF) Group (month) Outcome

41 F Stomach 100 Moderate SDH-deficient 7.0 19 6a 180 AWM

20 F Stomach 100 Weak SDH-deficient ND 7 - ND

19 M Stomach 100 Weak SDH-deficient 4.5 12 5 132 ANR

70 F Stomach 100 Weak KIT-Mutant 
Del 560 3.0 1 2 163 DOC

65 F Stomach 100 Weak KIT-Mutant 
V559D 5.0 0 2 ND

55 M Stomach 100 Weak KIT-Mutant 
Del 557-558 4.5 6 5 239 DOC

26 M Stomach 100 Weak
KIT-Mutant 
Delins 563-

576I
5.0 3 2 60 ANR

50 M Stomach 100 Weak KIT/PDGFRA 
Wild Type 5.0 6 5 32 ANR

70 M Stomach 100 Weak ND 7.5 0 3a 152 ANR

66 M Stomach 100 Strong ND 7.0 >100 6a 5 DOD

62 F Stomach 90 Weak
PDGFRA-

Mutant Delins 
842-846E

5.0 11 5 28 DOC

67 M Stomach 80 Weak KIT/PDGFRA 
Wild Type 4.5 0 2 116 ANR

32 M Stomach 80 Weak ND 12.0 3 3b 158 DOD

53 M Stomach 40 Moderate ND 2.3 2 2 307 ANR

42 M Stomach 10 Weak
KIT-Mutant 
Delins 567-

576 V
6.0 1 3a 201 ANR

67 M Duodenum 100 Weak ND 3.0 >100 - 22 DOD

81 F Cecum 20 Weak ND ND 10 - ND

32 M Colon 10 Weak KIT/PDGFRA 
Wild Type 6.0 2 - ND

62 M Colon 60 Strong ND 7.5 >100 - ND

58 M Rectum 80 Moderate ND 0.8 44 - 203 DUC

GIST: gastrointestinal stromal tumor, ANR: alive with no recurrence, AWM: alive with metastasis, DOC: died of other 
cause, DOD: died of disease, DUC: died of unknown cause, ND: no data.
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In this study, we evaluated the expression of 
CD171 using a newly developed rabbit monoclonal 
antibody offering an excellent signal quality with 
almost no background signals in normal tissues and 
5155 tumors including germ cell, rare mesenchymal and 
lymphohematopoietic tumors to discuss the usefulness 
of CD171 immunohistochemistry in pathological 
diagnosis as well as pinpointing potential targets for 
future anti-CD171 therapy. We also analyzed here 
1300 GISTs to asses previously reported conflicting 
immunohistochemical data. In addition, we performed 
survival analysis in conventional gastric GIST patients.

In normal adult tissue, CD171 was narrowly 
expressed in peripheral nerve bundles, brain, renal 
collecting ducts, vascular endothelial cells, and dendritic 
reticulum cells, as previously described (Supplementary 
Figure 1A-1F). [14, 15, 27, 28]

In this study, only a small number of GISTs (1.5%, 
20/1300) showed any CD171 expression, and most 
cases were only weakly positive (Figure 2C and 2D, 
Table 3). Moreover, there was no significant correlation 
between CD171 positivity and clinical outcome in 
conventional gastric GIST patients (Supplementary 
Figure 3). CD171-overexpression in GISTs was first 
reported using UJ127.11 antibody, with 73.6% (53/72) 
positivity. [31] Subsequently, several studies analyzed 
CD171 expression in 66-434 GIST cases and reported 
55-59% of positivity with some studies suggesting the 
potential of CD171 expression for the prognostication of 
GIST. [29, 30, 32] Also, high serum concentration of the 
soluble CD171, metalloproteinase cleaved fragments of 
CD171, correlated with unfavorable outcome in GISTs 
patients in one study. [9] Whereas, different from past 
reports, CD171 does not appear to be useful for the 

Table 4: CD171 Expression in 2224 Epithelial Tumors

Tumor Type Positive / All (%)

Ovary, serous carcinoma 84 / 97 86.6

Malignant mesothelioma 128 / 183 69.9

Testis, embryonal carcinoma 21 / 35 60.0

Colorectum, adenocarcinoma 118 / 210 56.2

Gingiva, squamous cell carcinoma 20 / 43 46.5

Tongue, squamous cell carcinoma 18 / 39 46.2

Uterus, endometrial cancer 32 / 97 33.0

Stomach, adenocarcinoma 31 / 101 30.7

Liver, cholangiocellular carcinoma 5 / 20 25.0

Renal cell carcinoma/ oncocytoma 71 / 333 21.3

Breast, ductal carcinoma 47 / 231 20.3

Urinary tract, urothelial Carcinoma 17 / 92 18.5

Lung, squamous cell carcinoma 8 / 53 15.1

Testis, seminoma 10 / 71 14.1

Adrenocortical gland, adrenocortical cancer 4 / 31 12.9

Tonsil, squamous cell carcinoma 5 / 41 12.2

Lung, adenocarcinoma 4 / 52 7.7

Salivary gland, pleomorphic adenoma 7 / 114 6.1

Thyroid gland, papillary carcinoma 3 / 58 5.2

Thymus, thymoma 3 / 62 4.8

Prostate, adenocarcinoma 2 / 108 1.9

Liver, hepatocellular carcinoma 1 / 92 1.1

Testis, yolk sac tumor 0 / 3 0.0

Breast, lobular carcinoma 0 / 58 0.0
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GIST diagnosis or prognostication even when using 
the same mouse monoclonal antibodies as used in past 
reports. It is difficult to explain the difference in the 
frequency of CD171 positivity in GISTs. However, we 
consider our detection system proficient and had internal 
controls (peripheral nerve bundles) present in most cases 
(Supplementary Figure 2G-2I).

Schwannomas, of the peripheral soft tissue and the 
gastrointestinal tract, showed typically homogeneous and 
strong cytoplasmic staining for CD171 (Figure 1A, Table 
1). Neurofibromas showed weaker and sparser positivity 
for CD171 reflecting the heterogeneous composition of 
the tumor, however, their potential mimics such as benign 
fibrous histiocytoma, perineurioma, and solitary fibrous 
tumor were all negative for CD171 (Table 1). Therefore, 
this marker could be applied for their differential 
diagnosis.

True neural tumors such as neuroblastoma and 
paraganglioma are examples of strongly and consistently 
CD171-positive tumors, (Figure 1C and 1D) and in some 
cases, this marker could be useful for their diagnostic 
evaluation. Although one study reported better prognosis 

for CD171-positive neuroblastomas, our experience 
showed negative cases being so rare that CD171 is 
unlikely useful in the prognostication of neuroblastoma. 
[33]

Neuroendocrine tumors/carcinomas such as merkel 
cell carcinoma (Figure 1E), small cell carcinomas of the 
lung (Figure 1F), and pancreatic neuroendocrine tumors 
were also typically positive for CD171 suggesting a 
potential application of CD171 immunohistochemistry in 
their diagnosis.

In other epithelial and mesenchymal tumor(s),  
significant CD171 expression was observed in ovary 
serous carcinoma (87%, Figure 3A), malignant 
mesothelioma (70%, Figure 3B), testicular embryonal 
carcinoma (60%), colorectal adenocarcinoma (56%), 
and alveolar rhabdomyosarcoma (50%, Figure 2A). 
Among them, within our best knowledge, its frequent 
expressions in alveolar rhabdomyosarcoma and embryonal 
carcinoma were first documented in this report. In 
addition, negative correlations between CD171-expression 
and MMR-deficiency or p16-expression in colorectal  

Figure 3: CD171 expression in epithelial tumors. A. Subpopulation of ovary serous carcinoma showed CD171 expression. B. 
Malignant mesothelioma showed CD171 expression. C and D. CD171 was expressed at under-detectable level in mismatch repair deficient 
colorectal adenocarcinoma. Immunostaining for CD171 (C) and MLH1 (D).
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Table 6: CD171 Expression in Oral Cavity SCCs

Oral cavity SCC subtypes CD171 (tumor cells; %)

Tonsil (n=41)

 p16-negative (n=3) 66.7*

 p16-positive (n=38) 7.9

Tongue (n=39)

 p16-negative (n=27) 51.9

 p16-positive (n=12) 33.3

Gingiva (n=43)

 p16-negative (n=28) 46.4

 p16-positive (n=15) 46.7

Fisher's exact test, *: p<0.05.
SCC: squamous cell carcinoma

Table 5: CD171 Expression in Colorectal Adenocarcinomas

Colorectal adenocarcinoma subtypes (n=210) CD171 (tumor cells; %)

MMR-preserved (n=187) 64.2

MMR-deficient (n=23) 21.7**

Chi-square test, **:p<0.01.

Figure 4: CD171 expression in triple-negative breast cancer. A-D. Representative photos of the triple-negative breast cancer with 
strong and diffuse CD171 expression (A). ER (B), PgR (C), and human epidermal growth factor receptor (EGFR)-related 2 (HER2) (D) 
expressions were under-detectable level.
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Table 7: PD-L1 Expression in 310 Hematopoietic System Tumors

Cases / All (%)

Diffuse large B-cell lymphoma 6 / 84 7.1

Anaplastic large cell lymphoma 1 / 15 6.7

Classical Hodgkin's lymphoma 2 / 47 4.3

Follicular lymphoma 0 / 52 0.0

T-, B-Lymphoblastic lymphoma 0 / 8 0.0

Mantle cell lymphoma 0 / 33 0.0

Myeloid sarcoma 0 / 10 0.0

Nodal marginal zone lymphoma 0 / 6 0.0

Small cell lymphoma 0 / 19 0.0

Spleen, chronic myeloid leukemia 0 / 6 0.0

T-, NK-cell lymphoma 0 / 30 0.0

adenocarcinoma and tonsil squamous cell carcinoma also 
have not been documented (Table 5 and 6).

In hormone-dependent female cancers such as 
breast and endometrial cancers, CD171 expression 
has a negative correlation with ER/PgR expression in 
both breast and endometrial carcinomas in agreement 
with previous reports. [34–36] The rarity of CD171 
expression in prostate cancer (<2%) could be related 
to its reported down-regulation by androgen receptor. 
[34] Recent reports also showed that several miRNAs 
(miR-34a) and transcription factors (β-catenin and 
slug) regulate CD171 expression in endometrial 
adenocarcinomas. [37, 38] The CD171 regulatory 
mechanisms in other tumors should be elucidated in the 
near future.

At first, several types of anti-CD171 monoclonal 
antibodies were introduced to the imaging and 
radioimunotherapeutic targeting of neuroblastoma in 
xenograft models. [21, 23] Subsequently, other CD171-
expressing tumors such as ovarian cancer, malignant 
melanoma and pancreatic adenocarcinoma were also 
targeted by anti-CD171 antibodies and indeed, some 
of them showed anti-tumor effects without significant 
side effects. [20, 25] Recently, chimeric antigen receptor 
redirected T lymphocytes were established and also 
introduced to the treatment of neuroblastoma and other 
malignancies. [22, 24] Thus, there has been a growing 
interest in targeting this cell membrane molecule on 
neoplastic cells. In this study, we would like to propose 
newly identified CD171-highly expressing neoplasms 
such as alveolar rhabdomyosarcoma and embryonal 
carcinoma as well as MMR-preserved colorectal 
adenocarcinomas and p16-negative tonsil squamous 
cell carcinoma as potential targets for future CD171-
targeting therapy.

In conclusion, CD171 immunohistochemistry with 
a new rabbit monoclonal antibody may assist diagnosis of 
neural or neuroectodermal tumors such as schwannoma, 
neuroblastoma, and, paraganglioma due to their consistent 
positivity. CD171 could also be a useful marker for the 
other neuroendocrine tumors while its expression in non-
neuroendocrine tumors has to be taken into account. We 
would like to propose these CD171-highly expressing 
neoplasms as potential targets for anti-CD171 therapy. 
However, CD171 is not useful for GIST diagnosis or 
prognostication as previously proposed, based on its rare 
expression and lack of correlation with outcome.

MATERIALS AND METHODS

5155 anonymized tumors including epithelial, 
mesenchymal, melanocytic, and lymphohematopoietic 
tumors were collected. This project was completed under 
Office of Human Subject Research Exemption with 
anonymized specimens. Immunohistochemistry was 
performed on sections of multitumor blocks containing 30 
to 60 rectangular tissue samples, assembled and embedded 
in paraffin as previously described. [39] The size of 
tumor tissue samples was estimated to exceed the size of 
a single 0.6 mm2 core by a factor of 10-15. All tumors, 
selected for this study, were extensively documented 
histologically and immunohistochemically. Also, a panel 
of normal tissues including adrenocortical gland, brain, 
gastrointestinal- and genitourinary- tract, kidney, liver, 
lung, pancreas, placenta, thyroid gland and lymphatic 
tissue was evaluated for CD171 expression.

The primary rabbit monoclonal antibody clone 014 
against CD171 (10140-R014) was obtained from Sino 
Biological Inc. (Beijing, China) and the primary mouse 
monoclonal antibodies clone UJ127.11 and clone L1-
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14.10 were from Thermo Fisher Scientific (Waltham, MA, 
USA) and Biolegend (San Diego, CA, USA), respectively. 
For immunohistochemical staining, rabbit monoclonal 
antibody was used at a dilution of 1:500. Both UJ127.11 
and L1-14.10 mouse monoclonal antibodies were used at a 
dilution of 1:150. Immunostaining was performed using the 
Leica Bond-Max automation and Leica Refine detection kit 
(Leica Biosystems, Bannockburn, IL). The approximately 
3-hour protocol included in situ deparaffinization and 
high-pH epitope retrieval for 25 minutes and incubation 
with primary antibody for 30 minutes, polymer for 
15 minutes, postpolymer for 15 minutes, and DAB as 
the chromogen for 10 minutes, followed by 5-minute 
hematoxylin counterstaining. MutL Homolog 1 (MLH1), 
MutS Homolog 2 (MSH2), MutS Homolog 6 (MSH6), and 
PMS2 immunohistochemistry was performed to analyze 
MMR system status as previously reported. [40] For the 
detection of Epstein-Barr virus (EBV) infection, Bond− 
Ready-to-Use ISH EBER Probe was used in Leica Bond-
Max automation system according to the manufacturer 
instructions (Leica Biosystems, Bannockburn, IL).

CD171 immunoreactivity with peripheral nerves 
was used as an internal positive control. The stained 
sections were independently evaluated by two pathologists 
(SI and MM).

Chi-square test or Fisher's exact test were performed 
by SPSS software (IBM, Armonk, NY) to analyze the 
statistical correlation between CD171-expression and 
other tumor status such as MMR-deficiency, EBER-,  
p16-, and ALK-expression. For the survival analysis 
of GIST patients, EZR version 1.32 was used. [41] We 
performed survival analysis only in conventional gastric 
GIST patients because of insufficient patient numbers with 
CD171-positive GIST of other sites.
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